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Abstract Nuclear bud (NB) formation was investigated
in blood erythrocytes of 1892 flounder Platichthys
flesus, herring Clupea harengus, and eelpout Zoarces
viviparus specimens that were collected at 82 sites
representing different regions of the Baltic Sea in
2009–2011. This is the first attempt to evaluate the
baseline levels of NB and rank the genotoxicity risk
for native fish species. NB levels were compared to
the previously published micronuclei (MN) data from
the same individual fish specimens in order to compare
the two methods of genotoxicity assessment and inves-
tigate the relationship between MN as the cytogenetic
measure of genotoxicity and the DNA damage
reflecting NB. In 2009–2011, elevated NB levels in
89.4 % of flounder sampling groups indicated high
and extremely high genotoxicity risk levels. Herring
and eelpout sampling groups showed elevated levels
of NB, 74.6 and 45.7%, respectively. In general, herring
and eelpout NB measure was more sensitive as the
genotoxicity biomarker than MN.

Keywords Genotoxicity . Nuclear buds . Fish .
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Introduction

In various Baltic Sea sub-basins, large numbers of dif-
ferent toxic substances exceed the threshold levels indi-
cating potential risk to the native species. In fish and
mussel tissues, elevated levels of heavy metals,
organometals, alkylphenols, phthalates, brominated
compounds, polychlorinated biphenyls (PBC), dioxins,
polycyclic aromatic hydrocarbons (PAHs), DDTs and
chlorinated pesticides, and caesium-137 were found.
The southern region of the Baltic Sea is polluted by all
of the abovementioned substances, and many of them
are recognized as genotoxic contaminants (HELCOM
2010; Schiedek et al. 2006; Baršienė et al. 2006a;
Kopecka et al. 2006). Genotoxic compounds can bind
to DNA causing the formation of DNA adducts, single-
and double-strand breakages, modifications in DNA
repair and crosslink consistent pattern, as well as alter-
ations of cell functions, reproduction disturbances,
growth inhibition, or even carcinogenesis (Ohe et al.
2004). Furthermore, contaminants are usually
discharged in complex mixtures and as such can
provoke interactions between substances and lead
to unpredictability in genotoxic responses to pol-
lution (Jha 2008).

Environmental genotoxicity in the Baltic Sea was
earlier assessed in the Swedish part of the Gulf of
Bothnia (Al-Sabti and Hardig 1990) and in Danish
waters in Køge Bay, Little Belt, Store Belt, and
Kattegat (Wrisberg et al. 1992). Later studies, carried
out by the Institute of Ecology (Lithuania), covered the
Lithuanian, Latvian, Estonian (Baršienė et al. 2004,
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2006a, b, 2008, 2012a, b), Polish (Kopecka et al. 2006;
Baršienė et al. 2006a, 2012a; Napierska et al. 2009), and
German economic zones (Schiedek et al. 2006; Baršienė
et al. 2006a, 2012a; Rybakovas et al. 2009). In most of
these studies, formation of micronuclei (MN) and nu-
clear buds (NB) were used as genotoxicity assessment
endpoints in fish and bivalve species. The data on the
formation of abnormal nuclear structures, as readouts of
the genomic instability in organisms inhabiting the
Baltic Sea, indicated the impact of the environmental
pollution (Baršienė et al. 2006a, b, 2012a, b; Rybakovas
et al. 2009; Napierska et al. 2009; Kreitsberg et al.
2012). Furthermore, correlation between MN and NB
induction in fish from different sites of the Baltic Sea
suggested both of them being useful complementary
assays for the environmental genotoxicity evaluation.

NB are morphologically similar to MN and differ
only by comparatively thin nucleoplasmic connection
with the main nuclei of cells. The NB is formed of
amplified DNA sequences that may be extruded from
the cell nucleus (Shimizu et al. 1998). The formation of
NB may reflect unequal capacity of organisms to expel
damaged, amplified, improperly replicated, or con-
densed DNA, as well as chromosome fragments without
telomeres and centromeres (Lindberg et al. 2007).
Pampalona et al.’s (2010) studies have confirmed NB
origin from broken chromatin after the breakage of
nucleoplasmic bridges and stressed that analysis of nu-
clear buds would be of great interest as a biomarker of
genomic instability, especially for the assessment of
DNA damage relevant to cancer development.

Chromatin extrusion parameters such as NB may
correctly reflect the levels of environmental contamina-
tion in the field studies and indicate the overall fish
health. In the Baltic Sea, increased frequency of NB
was described in flounder (Platichthys flesus) from the
Gulf of Gdansk, also in southern Baltic B01, BEEP5,
B10 sites (Rybakovas et al. 2009; Napierska et al. 2009)
in eelpout (Zoarces viviparus) from the Estonian zones
of the Gulf of Finland and the Gulf of Riga (Kreitsberg
et al. 2012). Particularly high levels of NBwere found in
dab (Limanda limanda) inhabiting oil and gas platform
zones in the North Sea (Rybakovas et al. 2009), also in
Atlantic cod (Gadus morhua) and mussels (Mytilus
edulis) collected from aluminum smelter zone
(Baršienė et al. 2010). Elevated levels of nuclear buds
there were observed in the blue mussels (Mytilus
trossulus) from the Gulf of Gdansk and Lithuanian coast
in 2002–2003 (Baršienė et al. 2006a) also after the

accidental oil spill in Lithuanian waters in 2008
(Baršienė et al. 2012b). Significantly increased frequen-
cies of NB have been recorded in Nile tilapia
Oreochromis niloticus (Çavaş and Ergene-Gözükara
2005a; Ergene et al. 2007a, b), in gray mullet Mugil
cephalus (Çavaş and Ergene-Gözükara 2005b; Ergene
et al. 2007a), in bleak Alburnus orontis, and in African
catfish Clarias gariepinus (Ergene et al. 2007a),
inhabiting contaminated sites in the Goksu and Berdan
River estuaries and Mersin harbor (Turkey). NB has
been the most frequently registered nuclear abnormali-
ties in juvenile Senegalese soles Solea senegalensis
exposed to sediments from the Sado River estuary, one
of the largest estuarine areas in Europe (Costa et al.
2008).

The main objective of the present study was to eval-
uate environmental genotoxicity risk levels in different
regions of the Baltic Sea using the nuclear bud assay in
blood erythrocytes of the three most common native fish
species. Moreover, the assessment of NB is a low-cost,
non-invasive to the fish genotoxicity assay, which may
be applied for an in situ evaluation of marine environ-
ment status. This is a first attempt to evaluate the back-
ground level NB frequencies and to rank the
genotoxicity risk levels for fish species. Previously,
our results on environmental genotoxicity risk assess-
ment were published using the MN test (Baršienė et al.
2012a). In the present study, we investigate the NB, as
validated and reproducible measure of genotoxicity, in
the same fish erythrocyte samples collected in the vari-
ous regions of the Baltic Sea in 2009–2011 and directly
comparing the two approaches of genotoxicity
assessment.

Materials and methods

Sampling

Total sampling at 82 Baltic Sea study locations was
conducted for flounder (P. flesus), herring (Clupea
harengus), and eelpout (Z. viviparus) in 2009–2011.
The list of the fish sampling stations and their geograph-
ical coordinates are presented in Table 1. Samples were
obtained from the research trawl catch surveys from
June 2009 to March 2011 carried out by the RV
Walther Herwig III and the RV Baltica as well as from
local fishermen. Fish specimens of approximately the
same size, both sexes, and in good health condition were
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Table 1 The list of the fish sampling stations and their geographical coordinates (the list running from the Danish waters and finished at the
Gulf of Bothnia in the northern Baltic Sea)

No. Stations Latitude Longitude No. Stations Latitude Longitude

1 2IV 55° 43.08′ N 11° 47.05′ E 35 3a 54° 31.60′ N 19° 21.50′ E

2 2FV 55° 57.05′ N 12° 01.00′ E 54° 33.00′ N 19° 22.00′ E

3 2RV 55° 41.50′ N 12′ 04.00′ E 36 SFI4 54° 52.53′ N 17° 21.97′ E

55° 42.80′ N 12′ 05.00′ E 55° 01.59′ N 17° 29.62′ E

4 2AV 55° 12.00′ N 11° 12.50′ E 37 SFI3 54° 46.71′ N 18° 40.99′ E

5 B01 54° 32.10′ N 10° 25.80′ E 38 SFI2 54° 50.74′ N 18° 43.97′ E

54° 40.90′ N 10° 47.40′ E 54° 25.62′ N 19° 01.44′ E

6 B12 54° 13.92′ N 11° 23.22′ E 39 SFI1 54° 26.99′ N 19° 02.83′ E

54° 27.00′ N 11° 46.91′ E 54° 28.44′ N 19° 16.04′ E

7 EW 53° 56.67′ N 11° 22.35′ E 40 BP3 54° 25.89′ N 19° 21.25′ E

8 WD 53° 54.82′ N 11° 26.31′ E 55° 31.86′ N 20° 30.74′ E

9 SH 54° 02.48′ N 11° 32.40′ E 41 26 LT 55° 46.42′ N 20° 40.19′ E

10 J2 54° 48.30′ N 12° 18.10′ E 55° 48.50′ N 20° 04.00′ E

11 B11 54° 43.60′ N 13° 12.84′ E 42 27 LT 55° 47.60′ N 20° 11.50′ E

54° 49.18′ N 13° 54.23′ E 43 28 LT 55° 42.00′ N 19° 58.40′ E

12 B10 54° 37.95′ N 14° 01.63′ E 44 30 LT 55° 39.40′ N 20° 15.80′ E

54° 52.25′ N 14° 02.47′ E 45 25 LV 56° 28.00′ N 20° 12.40′ E

13 B03 54° 33.70′ N 14° 58.75′ E 46 17 LV 56° 38.30′ N 20° 42.80′ E

14 B05 55° 06.23′ N 16° 30.97′ E 47 14 LV 57° 13.00′ N 20° 42.60′ E

15 19 54° 26.20′ N 15° 09.50′ E 48 15 LV 57° 20.90′ N 20° 54.60′ E

54° 26.40′ N 15° 12.00′ E 49 11 LV 57° 28.00′ N 21° 01.60′ E

16 21 54° 27.50′ N 15° 37.40′ E 50 6 LV 57° 22.20′ N 21° 15.10′ E

54° 27.20′ N 15° 40.00′ E 51 5 LV 57° 30.10′ N 21° 25.20′ E

17 22 54° 23.00′ N 15° 46.30′ E 52 GoR1 57° 50.31′ N 24° 00.11′ E

54° 22.90′ N 15° 48.80′ E 57° 50.92′ N 24° 00.33′ E

18 15a 54° 39.40′ N 15° 09.80′ E 53 GoR2 57° 22.96′ N 23° 13.31′ E

54° 39.50′ N 15° 08.90′ E 57° 18.68′ N 23° 16.02′ E

19 17a 54° 34.00′ N 15° 38.50′ E 54 GoR3 57° 04.51′ N 23° 54.83′ E

54° 34.80′ N 15° 36.80′ E 57° 08.29′ N 24° 02.43′ E

20 18a 54° 33.30′ N 15° 24.60′ E 55 SLK 56° 52.00′ N 16° 25.00′ E

54° 33.90′ N 15° 22.30′ E 56 Gaso 58° 13.60′ N 16° 24.30′ E

21 23 54° 31.70′ N 15° 47.30′ E 57 Marso 57° 13.30′ N 16° 42.13′ E

54° 30.70′ N 15° 49.20′ E 58 KVD 58° 01.05′ N 16° 46.57′ E

22 25 54° 32.00′ N 16° 00.00′ E 59 3 E 58° 02.00′ N 21° 00.40′ E

54° 33.60′ N 16° 00.20′ E 60 4 E 57° 53.60′ N 21° 20.00′ E

23 19a 54° 39.20′ N 15° 34.10′ E 61 SRV 58° 02.00′ N 22° 16.00′ E

54° 38.90′ N 15° 31.70′ E 62 TRM 57° 56.00′ N 24° 17.00′ E

24 21a 54° 38.00′ N 15° 53.70′ E 63 Parnu 58° 16.00′ N 24° 20.00′ E

54° 36.60′ N 15° 52.50′ E 64 KH 58° 07.00′ N 23° 58.00′ E

25 24 54° 37.60′ N 16° 03.50′ E 65 1b-1 59° 15.00′ N 23° 07.04′ E

54° 36.20′ N 16° 02.00′ E 59° 15.26′ N 23° 04.30′ E

26 22a 54° 44.20′ N 15° 54.70′ E 66 Nova 59° 14.11′ N 23° 42.00′ E

54° 43.10′ N 15° 54.70′ E 67 2b-1 59° 36.70′ N 24° 12.68′ E

27 28 54° 52.60 N 16° 39.50 E 68 2b-2 59° 46.23′ N 25° 27.98′ E
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used for the NB analysis. Fish otoliths were used for the
age determination. The analysis of NB was carried out
in P. flesus from 52 stations, in C. harengus from 59
stations, and in Z. viviparus from 29 stations. Since in
some study stations the sampling of fish was done
during two surveys in 2009, as well as in 2010, the
NB analysis was carried out in a total of 168 sampling
groups. The NB frequency was determined in 1892 fish
specimens: 714 flounder, 759 herring, and 419 eelpout
(Table 2).

Sample preparation and nuclear buds evaluation criteria

A drop of blood taken from the caudal vein of fish was
directly smeared on glass slides and air-dried. Smears
were fixed in methanol for 10 min and then stained with
5 % Giemsa solution in phosphate buffer pH=6.8 for
8 min. The stained slides were analyzed under light
microscopes (Olympus BX51 or Nikon Eclipse 50i) at
final magnification of ×1000. Blind scoring of MN and
other nuclear abnormalities was performed on coded
slides. The evaluation of NB was performed following
the criteria reported by Fenech et al. (2003). For each
studied specimen of fish, 4000 intact erythrocytes were
analyzed. Blood erythrocytes with large evagination of
nuclear membrane forming narrow nucleoplasmic con-
nection with the main nuclei as well as buds on thin
nucleoplasmic filament were recorded as NB (Fig. 1).

Calculation of nuclear buds background level
and mapping using GIS system

The environmental genotoxicity risk in each of the 82
studied stations was assessed on a basis of the
established background response of NB incidences in
flounder (<0.23 NB/1000 erythrocytes in offshore,
<0.20 NB/1000 erythrocytes in coastal zones), in her-
ring (<0.40 NB/1000 erythrocytes), and in eelpout
(<0.40 NB/1000 erythrocytes). The background level
of NB frequencies was calculated in the same way as
for MN (Baršienė et al. 2012a). The empirical 90 %
percentile (P90, value that separates the upper 10 % of
all NB values in the group of data from the lower 90 %)
of NB was determined in different fish species collected
in the 2001–2010 period from the reference sites
Kvädöfjärden, Palanga, Leba, Pärnu, 1a-1, 2a-1, and
2b-1 respectively, that are characterized by no known
local sources of contamination and no impact from
human and industrial activity. In general, an elevated
NB frequency lies above the P90 percentile, whereas the
majority of values below the P90 value belong to indi-
viduals that are unexposed, weakly exposed, and non-
responding or adapted to stressful conditions.

In each of the study stations, the percentage of the
fish specimens with NB frequencies exceeding the
background level of NBwas assessed and mapped using
GIS system. All the studied stations were grouped into a

Table 1 (continued)

No. Stations Latitude Longitude No. Stations Latitude Longitude

54° 52.80 N 16° 41.90 E 59° 43.77′ N 25° 23.06′ E

28 23a 54° 48.70′ N 16° 01.00′ E 69 3b-1 59° 47.51′ N 26° 09.28′ E

54° 47.50′ N 15° 59.30′ E 70 4b-1 59° 36.34′ N 27° 02.76′ E

29 28a 55° 02.60′ N 16° 24.00′ E 71 4a-4 60° 12.15′ N 27° 12.73′ E

55° 02.30′ N 16° 21.60′ E 72 3a-1 60° 06.34′ N 26° 20.31′ E

30 8a 55° 23.10′ N 17° 19.60′ E 73 2a-1 59° 45.16′ N 24° 09.13′ E

55° 23.00′ N 17° 17.00′ E 74 1a-1 59° 37.64′ N 23° 13.67′ E

31 7a 55° 21.30′ N 17° 25.40′ E 75 BS1/23 60° 46.05′ N 18° 05.03′ E

55° 21.50′ N 17° 22.80′ E 76 BS1/20 60° 45.66′ N 18° 05.13′ E

32 6a 55° 15.80′ N 17° 23.30′ E 77 BS1/24 60° 47.11′ N 18° 05.17′ E

55° 15.90′ N 17° 20.90′ E 78 BS1/22 60° 49.70′ N 18° 05.41′ E

33 3 55° 06.40′ N 18° 42.90′ E 79 BS1/21 60° 49.70′ N 18° 04.43′ E

55° 06.30′ N 18° 45.70′ E 80 BS2/27 61° 35.10′ N 17° 48.36′ E

34 4a 54° 40.90′ N 19° 16.10′ E 81 BS2/26 61° 35.07′ N 17° 48.11′ E

54° 41.70′ N 19° 14.00′ E 82 BS2/25 61° 35.07′ N 17° 48.27′ E
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5-grade scale, i.e., 0.0–19 % of specimens with NB
frequencies higher than the background level was indi-
cated as low, 20–39 % as moderate, 40–59 % as in-
creased, 60–79 % as high, and 80–100 % as exception-
ally high genotoxicity risk level.

Considering that at some study stations, two or three
fish species were collected, results from the flounder
analysis are marked exactly under the geographical
coordinates of the fish sampling. The other species are
marked closely to the flounder. In the southern Baltic
Sea study stations (B01, B12, B11, B10, SFI4), the
sampling of fish was done two to four times; therefore,
on the left side, data of earlier sampling (June and
September 2009) are presented and, on the right side,
the latter sampling (November and December of 2009).
The map of 2009 reflects the results received in

November and December, marked with black contour
bookmarks. In the map of 2010–2011, such black con-
tour bookmarks were used to express the responses in
fish collected in May and August 2010. Genotoxicity
risk zones were mapped utilizing the program ArcGIS
Desktop by using ArcMap application.

Data treatment

Statistical analysis was carried out using the GraphPad
PRISM 5.0 statistical package. The non-parametric
Mann-WhitneyU test was used to compare NB frequen-
cies in the fish males and females. Pearson’s correlation
analysis was performed to illustrate possible relation-
ships between NB frequency and the fish biometrical
measurements.

Table 2 List of samples for the analysis of nuclear buds in peripheral blood erythrocytes of flounder, herring, and eelpout collected from
different zones of the Baltic Sea in 2009–2011 (mainly during the German Walther Herwig III and Polish Baltica surveys)

Sampling date Flounder sampling stations (number
of specimens) (52 stations in total)

Herring sampling stations (number
of specimens) (59 stations in total)

Eelpout sampling stations (number
of specimens) (29 stations in total)

June 2009 – – SH (10), EW (10), WD (10), TRM
(18), Parnu (9)

September 2009 B01 (10), B12 (10), B11 (10), B10
(10), B05 (4), SFI4 (10),
BP3 (10), 1b-1 (10)

B11 (6), 4a-4 (11), 3a-1 (17), 2a-1 (10),
1a-1 (10), 4b-1 (10), 3b-1 (10),
2b-2 (10), 2b-1 (10), 1b-1 (10)

SFI4 (5), 3a-1 (10), 4b-1 (9), 1b-1
(5)

November 2009 – – 2R (20), 2F (16), 2A (15), 2I (10),
SH (10), EW (18), WD (10),
SLK (10), Gaso (10), Marso
(10), KVD (10)

December 2009 2F (9), B01 (10), B12 (11), B11 (11),
B03 (10), SFI1 (10), SFI2 (10),
SFI3 (10), SFI4 (10), GoR1 (12),
GoR2 (23), GoR3 (11)

B11 (11), B03 (14), SFI1 (10),
SFI2 (10), SFI3 (10), SFI4 (10),
GoR1 (10),GoR2 (10), GoR3 (10)

GoR1 (10), GoR2 (10), GoR3 (10)

May 2010 Kihnu (19), Nova (21) – 2I (12), 2F (10), 2R (10), Sorve
(10), Nova (12)

August 2010 B01 (4), J2 (4), B12 (10), B11 (10),
B10 (10)

B01 (4), J2 (5), B12 (15), B11 (8),
B10 (8)

–

November 2010 3 (3), 19 (10), 21 (2), 22 (10), 23 (8),
24 (5), 25 (9), 28 (6)

3 (10), 19 (10), 21 (10), 22 (10),
23 (10), 24 (10), 25 (10), 28 (10)

–

December 2010 B01 (19), J2 (20), B12 (20),
B11 (20), B10 (20), SFI4 (20)

B01 (20), J2 (20), B12 (20), B11 (20),
B10 (20), SFI4 (20), BS1/20 (20),
BS1/21 (10), BS2/25 (30)

BS1/20 (10), BS1/22 (7), BS1/23
(6), BS1/24 (6), BS2/25 (18),
BS2/26 (8), BS2/27 (4)

February 2011 3a (10), 4a (10), 6a (10), 7a (10),
8a (10), 15a (10), 17a (10),
18a (10), 19a (10), 21a (10),
22a (10), 23a (10), 28a (10)

3a (10), 4a (10), 6a (10), 7a (10),
8a (10), 15a (10), 17a (10), 18a (10),
19a (10), 21a (10), 22a (10), 23a (10),
28a (10)

–

March 2011 26LT (10), 27LT (10), 28LT (10),
30LT (10), 25LV (10), 17LV (10),
15LV (10), 14LV (10), 6LV (10),
5LV (10), 4EST (10), 3EST (10)

26LT (10), 27LT (10), 28LT (10), 30LT
(10), 25LV (10), 17LV (10), 15LV (10),
14LV (10), 11LV (10), 6LV (10), 5LV
(10), 4EST (10), 3EST (10)

–
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Results

The environmental genotoxicity levels were determined
by counting nuclear buds in 62 sampling groups of
flounder, herring, and eelpout collected in 2009. Six
sampling groups were attributed to a low, 8 to a moder-
ate, 18 to an increased, 19 to a high, and 11 to an
extremely high genotoxicity risk level. Stations

characterized as low genotoxicity risk were located sin-
gly in all studied zones of the Baltic Sea, such as the
reference station Pärnu, the Swedish and Danish coastal
waters, and the Wismar Bay. Low and moderate levels
of environmental genotoxicity dominated in herring
from the Gulf of Finland. An extremely high
genotoxicity risk for flounder and herring was located
predominantly in the southern Baltic Sea (Fig. 2).

In 2010–2011, the analysis of NB in erythrocytes and
evaluation of environmental genotoxicity risk in 106
sampling groups of flounder, herring, and eelpout indi-
cated that no station had low genotoxicity risk, and only
4 sampling groups attributed to a moderate, 7 to an
increased, 16 to a high, and 79 to an extremely high
genotoxicity risk level (Fig. 3). It should be pointed out
that in 2010–2011, 93.5 % of the flounder (43 of 46
sampling groups) and 68.8 % (33 of 48 sampling
groups) of the herring sampling groups were classified
as living in areas with extremely high genotoxicity risk
mainly located in the southern (especially in chemical
munitions dumping sites) and eastern Baltic Sea off-
shore zones. No low genotoxicity risk stations were
found in the analysis of eelpout NB, but 25 % (3 of 12
sampling groups) of eelpout groups were living in mod-
erate and increased genotoxicity risk zones and 50 % of
groups inhabited high and 25 % extremely high
genotoxicity risk sites, located in the Gulf of Bothnia,
the Roskilde area in Denmark, and Sorve station in
Estonian coastal zone (Fig. 3, Table 3). When compar-
ing responses of the fish species from the same study
stations, interspecies differences were observed, and the
genotoxicity risk level predominantly was highest in
flounder (Figs. 2 and 3). The average means of NB
frequencies were also higher in flounder compared to
herring or eelpout.

Overall data for all three fish species collected in the
period 2009–2011 indicated that 90 of 168 analyzed
sampling groups (53.6 %) could be assigned to extreme-
ly high genotoxicity risk zones and only 3.6 % of them
to low genotoxicity risk zones (Table 3). In 2009,
17.7 % were assigned to extremely high and 9.7 % to
low genotoxicity risk zones, while in 2010–2011, the
percentages were 74.5 and 0.0 %, respectively.
Comparing environmental genotoxicity levels in fish
from the same study stations between 2009 and 2010,
an increase of genotoxicity risk was found in fish col-
lected in 2010.

NB levels in studied fish species in 2009–2011 re-
vealed that 89.4% of flounder sampling groups could be

Fig. 1 Nuclear buds in studied fish species: erythrocyte with NB
in herring (a) blood; erythrocyte with NB on filament in eelpout
(b) and flounder (c) blood
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attributed to high (13.6 %) and to extremely high
(75.8 %) genotoxicity risk levels. In herring, 74.6 % of
the sampling groups showed high (19.4 %) or extremely
high (55.2 %) genotoxicity risk level; in eelpout, 45.7 %
of the sampling groups showed such characteristics
(Table 3).

Taken as a whole, our results indicate that in the
Baltic Sea, extremely high genotoxicity risk zones for
flounder were found in 6 stations (37.5 %) out of 16
studied in 2009 and 38 stations (92.7 %) out of 41
studied in 2010–2011, and for herring, 4 (22.2 %) out
of 18 stations in 2009 and 33 (76.7 %) out of 43 stations
in 2010–2011. In contrast, for eelpout, only 3 stations
were characterized by an extremely high genotoxicity
risk in 2010, out of 13 stations studied (23.1 %), and
none of those were found in 2009. In 2010–2011, eel-
pout inhabited 6 locations (46.2 %) attributed to high
genotoxicity risk level (Figs. 2 and 3).

In herring and eelpout, erythrocyte NB induction was
more prominent and that ofMN. There were less herring

and eelpout sampling groups with low and moderate
damage representing NB levels and more groups attrib-
uted to high and exceptionally high genotoxicity levels.
NB analysis showed that 74.6% of the herring sampling
groups belonged to high and exceptionally high
genotoxicity risk, while MN test has indicated only
46.3 % of such groups. NB analysis revealed high and
exceptionally high genotoxicity risk for 45.7 % eelpout
groups, and MN test only for 8.6 % of the fish groups.
Nevertheless, in flounder, the induction of NB and MN
was approximately at the same levels (Table 3).

The application of Pearson correlation analysis of NB
frequency and fish age, total length, total weight, liver
weight, and condition factor (CF) in herring showed
strong positive correlations (r values over 0.6) in 16
out of 67 studied sampling groups. In eelpout, the pos-
itive correlations between NB and biological variables
were found in specimens collected from four study
stations, located in Swedish, Estonian, and Latvian
zones of the Baltic Sea The positive correlation with

Fig. 2 Results of environmental genotoxicity risk assessment in flounder (Platichthys flesus), herring (Clupea harengus), and eelpout
(Zoarces viviparus) collected from different regions of the Baltic Sea in 2009
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fish age was found in herring and flounder sampled
from the southern Baltic Sea (stations 17a, 19a, 23a).
Statistically significant differences in NB frequency be-
tween fishmales and females were found only in herring
collected from GOR1 (p=0.0397; Mann-Whitney U
test) and in flounder from 27LT (p=0.002) stations.

Discussion

Data of the present study pointed out to the utility of the
NB assay in genotoxicity assessment. The assay was
applied for three native fish species for the evaluation of
the environmental genotoxicity risk in different regions
of the Baltic Sea. The NB assay showed very high
genotoxicity levels in fish analyzed from some of the
studied stations. Up to 53.6 % fish sampling groups
were collected from locations attributed to extremely

high genotoxicity risk zones, and only 3.6 % of them
were found in low genotoxicity risk zones. In 2009,
17.7 % were assigned to extremely high and 9.7 % to
low genotoxicity risk zones; however in 2010–2011, the
percentages were 74.5 and 0.0 %, respectively. In 2009–
2011, NB levels in 89.4 % of flounder sampling groups
were attributed to high and to extremely high
genotoxicity risk levels, 74.6 and 45.7 % in herring
and eelpout sampling groups, respectively. It is particu-
lar of interest that elevated concentration of BDE-47,
Cu, and Pb was detected in the muscle tissues of floun-
der, caught in 2010 and 2011 from the southern Baltic
Sea area (Waszak et al. 2012; Polak-Juszcak 2013).

MN test is one of the most frequently used and
validated tool to evaluate cytogenetic damage in marine
fish (Al-Sabti and Hardig 1990; Çavaş and Ergene-
Gözükara 2005b; Baršienė et al. 2004, 2006b, c,
2012a; Kopecka et al. 2006; Schiedek et al. 2006;

Fig. 3 Results of environmental genotoxicity risk assessment in flounder (Platichthys flesus), herring (Clupea harengus), and eelpout
(Zoarces viviparus) collected from different regions of the Baltic Sea in 2010 and 2011
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Rybakovas et al. 2009; Bolognesi and Hayashi 2011;
Costa et al. 2011). Using MN approach, we have previ-
ously described the genotoxicity risk for native fish
species inhabiting various regions of the Baltic Sea
(Baršienė et al. 2012a). In the present study, the mea-
surements of NB were performed in the same fish sam-
ples as the MN. In order to quantify the environmental
genotoxicity risk, the same ranking system was used for
both NB and MN parameters.

Studies indicated that both assays are simple, rapid,
non-invasive, reproducible, and low-cost techniques for
the assessment of cytogenetic and DNA and can be used
in indigenous fish species for the evaluation of environ-
mental genotoxicity. Taking into consideration that MN
response is a transient marker dependent of the mitosis,
NB assay can be used as an express tool for the
genotoxicity evaluation in non-dividing cells. Since the
NB formation usually is apparent earlier than MN in-
duction, NB assay can reflect early effects of genotoxic
agents and can be used for the assessment of accidental
spills of DNA damaging contaminants (Baršienė et al.
2012b). In addition, NB assay as an index of accumu-
lated DNA damage could be good approach to identify
the integrated response to existing mixtures of contam-
inants in marine environment.

Comparison of the genotoxicity levels determined by
NB and MN in the same fish specimens revealed that
NB parameter indicated less sampling groups with low
and moderate genotoxicity level while high and ex-
tremely high genotoxicity level was observed more
frequently. It should be stressed that comparison of
MN and NB formation in blood erythrocytes of eelpout,
collected from the Danish coast, showed that the corre-
lation between different contaminant concentrations and
NB levels was observed more frequently and at higher
significance levels than MN induction. Besides, exper-
imental data revealed strong correlation between NB
levels and phenanthrene (three-ring PAH) and pyrene
(four-ring PAH) metabolite concentrations in gibel carp
(Carassius auratus gibelio) bile (Kreitsberg et al. 2013).

In general, exceptionally high genotoxicity risk as
measured by NB in flounder and herring was found
predominantly in the southern Baltic Sea, especially in
stations closely located to the chemical munition dump-
ing sites. Low genotoxicity risk zones were located
singly in all studied areas of the Baltic Sea, and most
of them correspond to the eelpout data from the refer-
ence station Pärnu, the Swedish and Danish coastal
waters, and the Wismar Bay. In 2009, low and moderate

levels of environmental genotoxicity dominated in her-
ring from the Gulf of Finland.

NB induction by pollutants has been extensively
studied, and the validation of the NB assay was per-
formed repeatedly in a variety of laboratory exposure
studies using contaminants from different chemical
groups (Cavaş and Ergene-Gözükara 2003, 2005b;
Baršienė et al. 2006c; Cavaş 2008; de Campos Ventura
et al. 2008). Statistically significant increase of NB has
been shown in turbot exposed to 0.5 ppm crude oil
spiked with PAHs and alkylphenols (Baršienė et al.
2006c), in O. niloticus treated with different concentra-
tions of atrazine herbicide (de Campos Ventura et al.
2008), after 3-, 6-, and 9-day exposure to petroleum
refinery and textile mill effluents (Cavaş and Ergene-
Gözükara 2003, 2005b), also in goldfish Carassius
auratus auratus after treatment with 1, 5, and 10 μg/l
mercury chloride and with 100 μg/l lead acetate con-
centrations (Cavaş 2008). Significant increase of NB
was observed in mussels treated with 5 ppb of
tetrabromodiphenyl ether 47 (Baršienė et al. 2006d),
also after 48-h exposure to 12 μg/l of fluoranthene, to
mixture containing 12 μg/l of fluoranthene and 4 μg/l
benzo(a)pyrene, or mixture of 12 μg/l of pyrene and
4 μg/l benzo(a)pyrene, as well as to mixture containing
12 μg/l of fluoranthene, 12 μg/l of pyrene, and 4 μg/l
benzo(a)pyrene (Baršienė et al. unpublished data).

After 3-week exposure of turbot (Scophthalmus
maximus) to 0.5 ppm crude Norwegian oil, we found
significant increase of NB and strong correlation be-
tween NB induction in blood erythrocytes and PAH bile
metabolites: fluorescent aromatic compounds (FACs)
(290/335) (r=0.979, p=0.021 Pearson correlation;
R2=0.9579 linear regression), FACs (341/381) (r=
0.993, p=0.007; R2=0.9863), and FACs (380/430) (r=
0.988, p=0.012; R2=0.9759) (Baršienė et al. 2006c).
Furthermore, a strong positive linear correlation (R2=
0.929) between NB and 16 PAH body burden levels has
been described in mussels caged in the Ekofisk oil
platform (North Sea) pollution gradient, as well as be-
tweenMN and 16 PAH body burden (Sundt et al. 2011).
Therefore, including NB assay into a system assessing
the biological impact of contaminants on marine organ-
isms would highlight the ecological importance of the
DNA damage in heavily polluted marine areas.
Considering the danger from dumped chemicals in ma-
rine environment, the implementation of laboratory-
controlled studies using environmentally realistic doses
of these genotoxic compounds will help describe cause-
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effect relationships between concentrations of hazard-
ous compounds in fish tissues and genotoxicity risk
levels.

Conclusions

The study is the first attempt to evaluate the background
levels of NB in blood erythrocytes of flounder, herring,
and eelpout inhabiting 82 study stations located in dif-
ferent sub-regions of the Baltic Sea. The background
NB response was used for the establishment of low,
moderate, increased, high, and exceptionally high
genotoxicity risk levels for the fish species. In the study
period of 2009–2011, 53.6 % of analyzed sampling
groups could be assigned to extremely high genotoxicity
risk zones and only 3.6 % of them to low genotoxicity
zones. Thus, the data presented in this study indicate the
existence of high genotoxicity levels in the different
regions of the Baltic Sea. The analysis of NB employed
as biomarker for wide-scale genotoxicity risk evaluation
serves as good measure of genotoxicity and is very
useful in environmental monitoring using the native fish
species. The present findings suggest that the NB assay
is informative and should be integrated with other
genotoxicity parameters such as micronuclei and nucle-
oplasmic bridges, thus acting as a useful guide to detect
the effects of long-term genotoxicity consistent with fish
tissue contamination.
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